The purpose of this study was to analyze the straight-leg-raising (SLR) maneuver while the ankle was fixed in dorsiflexion or relaxed in plantar flexion. Twenty-two healthy subjects underwent active and passive SLR with the ankle in each position. We used cinematography to document movement of the right lower limb and pelvis and electromyography to document hamstring muscle activity. Analyses of variance of the angles of maximum SLR and change in the pelvic position showed a significant F ratio (p = .01) among the active and passive trials. Post hoc analyses demonstrated significant differences (p = .01) between SLR with dorsiflexion and SLR with plantar flexion. The EMG activity among trials was not significantly different. The possible causes of the effects of dorsiflexion on SLR are discussed. We encourage clinicians to document and compare SLR with dorsiflexion and SLR with plantar flexion, and we recommend additional research to examine the relative influence of tissue structures on SLR.
The unilateral straight-leg-raising (SLR) test is widely reported in the literature as an indirect test for measuring hamstring muscle tightness and as an aid in the diagnosis of sciatica and nerve root irritation. 1, 2 Although interest in the SLR test has been widespread, a review of the literature revealed no studies that examined the effects of ankle positions on SLR. Such studies are needed so that clinicians can have an objective understanding of the variables that may influence test results.
Traditionally, when the SLR test is used to measure hamstring muscle tightness, the ankle is relaxed in plantar flexion (PF). No documentation exists, however, on the differences in SLR that may result if the ankle is held in dorsiflexion (DF). If the position of the ankle influences measuring hamstring muscle tightness, as determined by SLR, then a standard ankle position should be required for hamstring muscle tightness testing.
When the SLR test is used in the diagnosis of sciatica or disk prolapse, passive DF of the ankle near the limit of pain-free SLR is used as a qualifying test because ankle DF puts tension on the sciatic nerve and its roots. [3] [4] [5] Studies of the movement of the sciatic nerve and its roots on SLR in cadavers have documented that movement of the nerve and roots diminishes progressively after 70 degrees of SLR, but tension generated along the nerve increases. 6, 7 The possibility that ankle DF could limit SLR seems reasonable in light of these reports.
The purposes of our study were twofold: 1) to analyze the effect of ankle DF on the angle of SLR in relation to the horizontal plane (SLR-horizontal), in relation to the pelvis (SLR-pelvis), and on the change in position of the pelvis in relation to the horizontal plane (pelvis-horizontal) and 2) to examine the electromyographic activity of the hamstring muscles during both active and passive SLR. We expected to find a significant difference in the amount of SLR with the ankle fixed in DF in comparison with the amount of SLR with the ankle relaxed in PF. We expected no difference in the EMG activity of the hamstring muscles. These expectations stemmed from our unpublished observations that ankle DF limits both active and passive SLR in normal subjects and that the loss of motion is independent of the EMG activity of the hamstring muscles.
METHOD

Subjects
Twenty-two healthy adults, 12 women and 10 men, with a mean and standard deviation for age, weight, and height of 28.0 ± 4.8 yr, 66.0 ± 9.9 kg, and 173.4 ± 8.0 cm, respectively, volunteered to participate in this study. Each subject reviewed and signed an informed consent form for the study, which was approved by the Committee on the Protection of the Rights of Human Subjects of the University of North Carolina at Chapel Hill. Subjects had Normal muscle strength and range of motion of the back and lower extremities and were not obese. They had no history of orthopedic or neurologic disorders.
We used a motor-driven 16-mm Bolex motion picture camera* with a 25-mm lens to film the position of the lower limb during SLR. The camera was mounted on a tripod at a height of 129.5 cm (51 in) and positioned 4.6 m (15 ft) from and perpendicular to the sagittal plane of the subject, who lay on a pad ded table 79 cm (31 in) high. A plumb bob was placed within the filming field to provide a reference for angle meas urements. Filming was performed at 24 frames/sec, and the developed film was analyzed with a Vanguard motion ana lyzer. † The raw EMG signal was amplified and processed by equipment designed and constructed by the Biomedical En gineering Department, School of Medi cine, University of North Carolina at Chapel Hill. The frequency response of the amplifier was 1 Hz to 1 kHz. The common mode rejection ratio was 90 dB, and the differential input imped ance was 3 kMΩ. The raw EMG signal and one-second time-reset integrated EMG (IEMG) signal were recorded on a Honeywell Visicorder ‡ light-sensitive oscillograph. A signal from a footswitch used to document the onset of SLR was also recorded on the Visicorder.
Before testing, the subject was posi tioned prone, and the belly of the long head of the right biceps femoris muscle was identified by palpation during an isometric contraction at 90 degrees of knee flexion. The skin over the muscle belly was abraded according to Shackel's method, which reduced skin resistance below 20 kΩ. 8 Then, 16-mm silver-silver chloride surface electrodes were affixed longitudinally 3 cm apart over the mus cle belly; placement of the electrodes was confirmed with active isotonic con tractions of hip extension and knee flex ion.
We used an active isometric muscle contraction as the standard for comput ing the percentage of IEMG activity of the long head of the biceps femoris mus cle during the SLR trials. The subject in a standing position flexed the right knee to 90 degrees and extended the right hip so that the right thigh was aligned with the left thigh. The subject held the po sition for five seconds. No resistance was added to the weight of the limb. The IEMG activity over the second, third, and fourth seconds was averaged to de termine the IEMG per second. The IEMG activity of each trial was com puted as a percentage of the standard contraction for each subject.
A 3-point splint (wt = .32 kg) held the knee in full extension, and a rigid anklefoot orthosis (wt = .33 kg) molded to 10 degrees of DF fixed the ankle in DF (Figure) .
Procedure
After the EMG electrodes were in place, we marked the subject's skin to measure SLR-horizontal, SLR-pelvis, and the pelvis-horizontal angles. The marking procedure has been described in detail elsewhere. 9 Marks included a line between the right anterior and pos terior superior iliac spines, a point just distal to the greater trochanter, and a point over the lateral malleolus. We also marked the long axis of the fifth meta tarsal to record the position of the ankle and the lateral aspect of the knee to document any change in knee extension ( Figure) .
The subject was then positioned su pine on an examining table and the 3-point splint was secured to the knee. With the splint in place, the subject performed five active SLR practice trials (one trial per minute); the rhythm of a metronome aided the subject to com plete each trial in about three seconds. The practice trials also provided a warm-up period to decrease the poten tial for increases in the angle of SLR that might result from measuring re peated trials from a cold start. 10 After each subject completed the practice trials, we secured the left thigh to the table with a cloth strap and put the switch under the right heel to be activated when SLR began. We col lected data on four trials: 1) active SLR with the ankle relaxed in PF, 2) active SLR with the ankle fixed in DF, 3) passive SLR with the ankle relaxed in PF, and 4) passive SLR with the ankle fixed in DF. For the active trials, we told the subject to complete each trial at the speed learned in the practice trials and to stop when "firm resistance" was felt. For the passive trials, one investigator raised the limb at a similar speed until he felt "firm resistance," and the subject expressed that full SLR had been reached. The four trials were random ized for each subject to lessen the poten tial for systematic influence of repeated trials.
We obtained measurements of the an gles of SLR-horizontal and pelvis-hori zontal and of the angles of the knee and ankle (in relation to the lower limb) from the film by measuring before limb motion began and again after full SLR had been reached. We determined intratester reliabilities of measuring the joint angles at the knee and ankle by measuring two positions each from a random sample of 11 subjects (n = 22). Correlation coefficients (Pearson r) were found to be .99 and .99, respectively. We did not calculate correlation coefficients for measuring SLR-horizontal and the pelvis-horizontal angles because they were previously reported high. 9 We determined the angle of the SLRpelvis by subtracting the change in the angle of the pelvis-horizontal from the angle of SLR-horizontal (SLR-pelvis = SLR-horizontal-pelvis-horizontal). The change in the position of the pelvishorizontal angle was calculated as the difference in the measurements of the angle of the pelvis at the starting position and at the end of SLR.
The time to complete each trial was calculated by determining the number of film frames from the time the heel left the table to the time the greatest SLR angle was reached and dividing by the film rate. This time was also measured on the Visicorder recording from the footswitch marks. From these measurements, we then determined the total IEMG activity during each trial. After the baseline noise reading was subtracted from the IEMG signals, we calculated the average IEMG per second. This value was then compared with the average IEMG per second for each subject's standard active isometric contraction.
Data Analysis
We computed descriptive data for the angles of SLR-horizontal, SLR-pelvis, the change in the angle of the pelvishorizontal, and the percentage of IEMG activity for each trial. Changes in the angles of the knee and ankle were also computed.
Differences between trials for the angles and the IEMG data were treated with a one-way analysis of variance (ANOVA) for repeated measures. Duncan new multiple range tests were used for all post hoc analyses. Table 1 shows descriptive data for the SLR angles, change in the position of the pelvis-horizontal angle, and the mean differences between SLR with ankle DF and SLR with ankle PF. Table 2 shows the summary data of the average percentage of EMG activity of the biceps femoris muscle across trials.
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The results of this study clearly demonstrated that SLR was less with DF than with PF during both active and passive tests. Comparisons by post hoc analyses showed no significant differences between active and passive SLR with PF or with DF. We believe that changes in the positions of the ankle and knee were not major factors in differences between DF and PF trials because the changes were minimal and consistent across trials. In analyzing the EMG data, we chose to compare the average percentage of IEMG per second of the long head of the biceps femoris muscle with an active isometric contraction. We did this because we expected minimal EMG activity and because submaximal isometric contractions have been shown to be more reliable than maximal contractions. 12 The standard should be easy to replicate in future studies. Our finding that EMG activity of the biceps femoris muscle was minimal was consistent with the findings of Norton and Sahrmann 13 that passive SLR elicits negligible EMG activity in the hamstring muscles and those of Moore and Hutton 14 that the angle of SLR is not dependent on the level of EMG activity of the hamstring muscles. The low average percentage of EMG activity in our study, both with DF and with PF, supports the suggestion that some other factors, such as the resting tension of muscles and other tissues, may influence SLR. 2 What then, might have limited SLR with the ankle fixed in DF? One potential factor may be that DF puts added tension on the sciatic nerve and related structures. 4, 5 Such increased tension in the sciatic nerve and its roots has been reported at the end of SLR. 6, 7 Dorsiflexion before SLR may take up slack in the sciatic nerve and manifest the increased tension by limiting the angle of SLR. In addition, structures not normally suggested as limiting SLR could affect SLR, such as the skin, subcutaneous connective tissue, and the enveloping deep fascia of the posterior aspect of the entire lower limb. Markee et al have described variations in the hamstring muscles that could decrease SLR with DF, such as extra muscle fascicles extending from the semitendinosus muscle to the fascia on the back of the thigh and from the long head of the biceps femoris muscle to the sural fascia. 15 Also, fascial connections between the gastrocnemius muscle and the hamstring muscles in the popliteal region may allow DF to increase the passive tension of the hamstrings, and this increased passive tension could limit SLR. Although several explanations can be suggested, the specific causes of the effects of DF on SLR are beyond the scope of this study. Additional anatomical studies of SLR with the ankle relaxed and with it held in DF are needed to examine the relative contributions of the various tissue structures to limiting SLR. 
Clinical Implications
Clinicians should be aware that ankle DF limits the angle of both active and passive SLR. Because the difference between DF and relaxed PF was greatest for SLR-horizontal (about 10°), and measuring this angle is probably the most common method of measuring SLR, clinicians should standardize the testing procedure and document the position of the ankle during the test. Measuring the angle of SLR with DF may provide an additional test for evaluating SLR, and by comparing the results to SLR with PF, additional information about the flexibility of SLR may be obtained.
In addition to measuring SLR-horizontal, clinicians may choose to measure the angle of SLR-pelvis as recently suggested in another study by R.W.B. 9 Because ankle DF limited this angle by about 7 degrees in our study, clinicians should consider the position of the ankle when using this technique as well.
CONCLUSION
The angle of SLR with the ankle fixed in DF was less than the angle of SLR with the ankle relaxed in PF for both active and passive SLR. The loss of motion was apparently unrelated to the EMG activity of the long head of the biceps femoris muscle. Although increased passive tension of anatomical structures crossing the posterior aspect of the lower limb was implicated as causing the loss of motion, the specific limiting structures were unclear. Additional studies are needed to examine the relative contribution of the anatomical structures that may limit SLR. Clinicians should be aware that ankle DF limits SLR. Moreover, clinicians should consider SLR with DF as an additional SLR test and compare the results of the test with those of SLR with PF.
